DNA is a template for accelerating the aggregation of copper, zinc superoxide dismutase.
The proteinaceous aggregates rich in copper, zinc superoxide dismutase (SOD1) have been shown to be involved in pathogenesis of amyotrophic lateral sclerosis (ALS). Since negatively charged species such as nucleic acids have frequently been found associated with the proteinaceous deposits in the tissues of patients with amyloid diseases, we examined here the aggregation behavior of SOD1 in the presence of DNA under acidic conditions that facilitate protein aggregation. Several forms of double-stranded DNA were tested to trigger SOD1 aggregation by light scattering, single- and double-fluorescence imaging with dyes, atomic force microscopy, and direct observations under visible light. The results reveal that DNA acts as a template for accelerating the formation of SOD1 aggregates and is incorporated into SOD1 aggregates. The spherical and ellipsoidal SOD1 aggregates were characterized in both hydrated and dried states and have morphology similar to those identified in the diseased neurons. Light scattering experiments indicate that the aggregation first undergoes a rapid phase where the aggregates with average diameters of 40-80 nm rapidly form in <2 min, and then passes through a slow phase where the average diameters of aggregates were increased to at least 200-260 nm in 2 h. All forms of DNAs tested can lead to the aggregation of SOD1 at nanomolar levels. The association of SOD1 with DNA, driven by electrostatic interactions between both, can restrict the orientation of SOD1 molecules and increase a SOD1 population along DNA strands. This facilitates the hydrophobic interactions between SOD1 molecules, as indicated by hydrophobic probe binding and chemical denaturant treatment experiments. Demonstration of the DNA-accelerated aggregation of SOD1 might establish a possible role of DNA in the pathogenesis of some diseases because of the ubiquitous expression of SOD1 and the coexistence of SOD1 and DNA in the crowded molecular environment of a cell.